ABSTRACT Haemophilus influenzae type b (Hib) vaccine was included in the Yemen immunization programme in 2005. This study compared the rates of very severe pneumonia and all-cause meningitis hospitalization and death, before and after introduction of conjugate Hib vaccine, and reports the results of the 2010 bacterial meningitis surveillance. A retrospective analysis was made of data collected for 2000-2010 for all children aged 2-60 months in the main children's hospital in Sana'a. Compared with the pre-Hib vaccination period, the post-Hib period showed significant and impressive reductions in the rates of hospitalization and death for all-cause meningitis. However, hospitalization and death for very severe pneumonia improved only modestly, and there was evidence of a decreasing but non-significant trend indicting that very severe pneumonia was a non-specific endpoint with multi-etiologies (both viral and bacterial). Very severe pneumonia remains the leading cause of severe morbidity and death for young children, particularly those aged < 12 months.
Introduction
Haemophilus influenzae type b (Hib) is an important cause of meningitis and pneumonia-related morbidity and mortality among children under 5 years old (1) The World Health Organization (WHO) recommends that all countries should include Hib vaccine in their national immunization programme and, where possible, these countries should measure the impact of the vaccine on the burden of the disease (2, 3) . Studies from many developing countries have reported significant progress towards almost total elimination of invasive Hib diseases after the introduction of vaccination (4) (5) (6) . In the Eastern Mediterranean Region (EMR), a study in Morocco reported that the introduction of Hib vaccine reduced Hib meningitis by 75% (7) . Hib vaccine was also reported to reduce non-cultureconfirmed meningitis (6, 8) , and hospital laboratory data showed a significant reduction in suspected bacterial meningitis of unknown etiology (9, 10) .
The effect of Hib vaccine on radiologically-confirmed pneumonia in several case-control studies found reductions in reported cases of 22%-55% (1-13). However, in at least one study the majority of cases were of mild to moderate severity and only 2.5% had severe lobar pneumonia. That study suggested that the effect of Hib vaccine on pneumonia severity needs investigation (11) . A recent systematic review of the literature on the effect of Hib vaccine on the incidence, severity, morbidity and mortality of childhood pneumonia reported a summary effect of 4% on clinical pneumonia, 6% on clinically severe pneumonia and 18% on radiologically-confirmed pneumonia (14) , but no summary effect on WHOdefined very severe pneumonia was reported. Cases of very severe pneumonia tend to have low blood culture results, may have both viral and bacterial etiology and some may have concomitant meningitis (15) .
It is not known whether the introduction of Hib vaccine reduces the prevalence of very severe pneumonia and all-cause meningitis hospitalization and related mortality, and whether it may be used as a proxy for Hib vaccine effectiveness in resource-poor health settings, where laboratory services may be unreliable and suboptimal and where most affected children may have attended after using antibiotics for several days before hospitalization.
Yemen is a least developing country, and the only low-income country in the Arabian Peninsula. In early 2005, the GAVI Alliance supported the introduction of Hib vaccine as part of the national immunization programme, given in combination with diphtheria/ polio/tetanus and hepatitis B vaccine. Three doses of the combined vaccines are given free of charge at the age of 6, 10 and 14 weeks. In early 2011, conjugate pneumococcal vaccine was included in the national immunization programme, and rotavirus vaccine was introduced in August 2012, both supported by the GAVI Alliance. The objectives of this study in Sana'a were: to compare the rates of very severe pneumonia and allcause meningitis hospitalization and death and to compare the inpatient case fatality rate (CFR) of both, before and after introduction of conjugate Hib vaccine to the Yemen national immunization programme; and to report the results and the outcome of the 2010 bacterial meningitis surveillance in Al-Sabeen Hospital, 5 years after the introduction of Hib vaccine.
Methods

Study setting and background
The study was conducted in Al-Sabeen Hospital for Women and Children, which is the main paediatric hospital located in Sana'a, the capital of Yemen. This government-run hospital provides both primary and secondary care to the urban and rural population of Sana'a city and the surrounding areas (approximately 3 million inhabitants). The services include walk-in outpatient clinics during working days. It has a 15-bed emergency unit that provides paediatric and neonatal services 24 hours a day, supported by laboratory and radiology services. The hospital has 2 paediatric medical wards (45 beds), an infectious isolation ward (20 beds) and a paediatric surgical ward (22 beds). The coverage rate of Hib vaccine (dose 3) in the catchment areas and the national coverage rate exceeded 85% (Table 1) .
Case management
Children aged 1 months to 5 years who attend the emergency unit with clinically very severe pneumonia and those attending with clinical features of meningitis are usually assessed by the on-duty paediatrician. An intravenous line is usually established and blood is usually collected for full blood count, C-reactive protein and blood smears for malaria. Chest X-ray for very severe pneumonia is also done routinely. For children with suspected meningitis, after obtaining parents' verbal consent, lumbar puncture (if not contraindicated) is usually performed to examine the CSF. CSF samples are usually sent for cell count and differential, protein and glucose. 
Study design
This was an observational, retrospective analysis of data collected over an 11-year period (2000-2010) and of the 2010 bacterial meningitis surveillance data collected in special forms designed and supplied by EMRO.
Out of a total of 21 701 children who attended the outpatient clinics in 2010, 5164 attended the paediatric emergency unit and were the basis of the main study, and 305 children aged 2-60 months with suspected bacterial meningitis were included in the active surveillance reported here.
Data collection
Data collection at the hospital Information recorded for each hospitalized patient at Al-Sabeen Hospital include the date of admission, age and sex of the child and inpatient diagnoses recorded in the admission log book. The death log book records the name, age, sex of the child and cause and date of death, and are signed by both the attending paediatrician and nurse. At the end of every calendar year, summary data on all children hospitalized and total deaths for each inpatient paediatric ward are obtained from the records and statistics unit. Information on the causes of hospitalization and death by age group (< 12 months, 12 months-5 years and > 5 years) and the male:female proportions of each age group are obtained from the admission, discharge and death log books of each paediatric ward. Data are collected using proforma datasheets and then entered using Microsoft Excel spreadsheets. (16) . No latex agglutination tests were available. The outcome of a child in the surveillance was defined as alive and well on discharge or treatment failure (death or developed neurological complication).
Ethical considerations
Because the data were obtained retrospectively, no names were recorded, none of the parents were interviewed and none of the children were followed up, and we were therefore advised that ethical approval was not needed for this study. However, approval to conduct this study was obtained from the hospital director, and the head of the academic unit of Al-Sabeen Hospital. In the model we included the pre-and post-Hib period variable which was also included as a predictor factor. We also conducted descriptive analysis of the bacterial meningitis surveillance data for 2010. Using logistic regression controlling for age and sex we compared the unvaccinated with those vaccinated in terms of 2 main outcomes: development of purulent CSF (probable bacterial meningitis) and treatment outcome on discharge: alive and well, or treatment failure (death and or neurological complications). The statistical package calculated the odds ratio (OR), 95% CI and P-value.
Data management and statistical analysis
For all the statistical analysis, the significant level was set at ≤ 0.05. Analysis was performed using Minitab software, version 13.2. to 53%] respectively for the same age groups. In contrast, the median reductions in diarrhoea-related death were non-significant for both age subgroups [17% (95% CI: -29% to 75%) and 48% (95% CI: -64% to 68%) respectively] ( Table 2) .
Results
Rate of hospitalization in the pre-and post-Hib periods
Rate of inpatient death in the pre-and post-Hib periods
For the 2-60 months age group the rate of very severe pneumonia death showed a median reduction of 60% (95% CI: -36% to 71%) in the post-Hib period, a modest reduction but not statistically significant. The all-cause meningitis death rate was significantly reduced with a median reduction of 69% (95% ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫العرشون‬ ‫املجلد‬ ‫السابع‬ ‫العدد‬ 435 Table 2 CI: 50% to 87%), while diarrhoearelated death showed a non-significant median reduction of 23% (95% CI: -11% to 50%). For children aged < 12 months and 12-60 months, although the median reductions for very severe pneumonia were non-significant [57% (95% CI: -23% to 68%) and 89% (95% CI: -200% to 100%) respectively], the magnitude of the reduction was clinically important. Significant reductions in meningitis-related death rates of 61% (95% CI: 33% to 76%) and 100% (95% CI: 60% to 100%) respectively was observed. For diarrhoea-related death, the median reduction was not significant for either age subgroup [22% (95% CI: -14% to 50%) and 25% (95% CI: 0% to 50%) respectively] ( Table 2) . Inpatient CFR showed statistically significant reductions in the post-Hib period for very severe pneumonia and all-cause meningitis but not for diarrhoea-related hospitalization (Table 3) .
Epidemiology of bacterial meningitis in 2010
The characteristics of 305 children aged 2-60 months (62% males) with suspected bacterial meningitis recorded in the 2010 bacterial meningitis surveillance in Al-Sabeen Hospital are shown in Table 4 . The vaccination status showed 66% were Hib vaccinated, 28% unvaccinated and 6% vaccination status unknown. Of the 305 cases, 83% were on antibiotics and 65% had CSF cultured. The rate of purulent CSF (probable bacterial meningitis) was 17%, almost 3 times more common in the unvaccinated compared with the vaccinated group (Table 4) .
Of the 53 children with purulent CSF, 39 (74%) were aged < 12 months. Among the treatment failures (n = 12), 4 (33%) had purulent CSF compared with 49 (17.0%) of the successfully treated group (n = 239). Of the 12 treatment failures 8 (66.7%) were unvaccinated. Among the 12 failures, there were 3 (25%) deaths, while 4 (33%) developed obstructive hydrocephalus, 3 (25%) spastic cerebral palsy and 2 (17%) subdural fluid collection.
Gram staining was performed in only 147 (48%) of the collected samples of CSF, of which 40 cases (46%) were unvaccinated and 95 (47%) vaccinated. Gram-positive diplococcic pairs (Streptococcus pneumoniae) were reported in 11 (28%) and 10 (11%) respectively. Only 1 case of Gram-negative cocobacilli (H. influenzae) was recorded in the vaccinated group. There were 3 deaths (3.4%) and 5 cases (5.8%) of neurological complications among the unvaccinated children, compared with no deaths and 4 (2%) cases of with neurological complications among the vaccinated children.
Binary logistic regression analysis was done controlling for age and sex with the vaccinated group as the reference. The unvaccinated group had a statistically significant higher proportion of cases with purulent CSF (27/86, 31.4%) compared with the vaccinated children (23/201, 11.4%) (adjusted OR = 3.5; 95% CI: 1.8-6.6) (P < 0.001). Treatment failure (death/neurological complications) among the unvaccinated group (8/87, 9.2%) was also significantly higher compared with the vaccinated group (4/199, 2.0%) (adjusted OR = 3.8; 95% CI: 1.1-13.9) (P = 0.045) ( Table 4) .
Discussion
In this study, information on WHOdefined very severe pneumonia and all-cause meningitis-related hospitalization and death, before and after Hib vaccine introduction is reported for the first time in Yemen. The statistically significant decline in the number of hospitalizations for all-cause meningitis among children aged 2-60 months in the post-Hib period (median reduction of 34%) is strongly evidence of the impact of this intervention. The decline in meningitis-related death rates among the 2-60 months group and subgroups 
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(median reductions of 69%, 61% and 100%) is also a striking and important finding, and reflects an impressive effect of the introduction of Hib vaccine. The impact of Hib vaccine on allcause very severe pneumonia-related hospitalization and death showed a modest decline in our study, since very severe pneumonia is a non-specific endpoint that can be caused by multiple pathogens of bacterial or viral origin. In addition, Hib pneumonia is difficult to identify and there is no sensitive and specific test to diagnose Hib-related pneumonia death.
The significant reduction in the proportion of hospitalized cases of very severe pneumonia among those aged 2-60 months (23% median reduction) was mainly due to the statistically significant median reduction of 59% among those aged ≥ 12 months. There was no concomitant statistical significant reduction in the rate of very severe pneumonia-related death among children aged 2-60 months and/or < 12 months. However, the median reduction of 60% and 57% respectively in death was clinically important even though the 95% CI included zero. The magnitude of the impact of Hib vaccine on clinically important outcomes should be considered (17) .
The non-significant reduction in hospitalization among the < 12 months age group may indicate that H. influenzae is less likely to be the etiology pathogen among this subgroup. Al-Sabeen Hospital was one of the sites of the Severe 
Pneumonia Evaluation Antimicrobial
Research (SPEAR) study performed in 7 countries including Yemen. In this study, the bacterial isolates obtained from blood and lung aspirates in 110 children aged 2-59 months, Staph. aureus (n = 47) was the most common organism isolated (18) . Blood cultures of the very severe pneumonia cohort (n = 151) in the Al-Sabeen site of the SPEAR study, showed that 28 (19%) were positive for bacterial growth. Of those, Staph. aureus isolates were 23 (82%), of which 21 (91%) were isolated from children aged < 12 months [Banajeh S, unpublished data]. It is therefore possible that in this study very severe pneumoniarelated hospitalization among this age group was most likely due to other pathogens, and Staph. aureus may be an important etiology. A recent study from India reported that the most common bacterial pathogen isolated from blood/pleural fluid cultures in cases of childhood pneumonia was Staph. aureus among children aged < 5 years (19) . A recent review showed that Hib vaccine was associated with a 6% significant reduction in severe pneumonia, 18% non-significant reduction in radiologically-confirmed pneumonia and a 7% non-significant reduction in pneumonia mortality (20) . This could explain our findings of modest reductions in very severe pneumonia-related hospitalization and death in the post-Hib period, particularly among the < 12 months subgroup. Our results concerning very severe pneumonia before and after Hib vaccine introduction are further supported in a recent analysis of data to estimate severe pneumonia-related morbidity and mortality for 192 countries including Yemen (21) . In that review, Rudan et al. estimated that for Yemen in 2010 cases of all-cause Pneumococcal vaccine was introduced into the Yemen national immunization programme in early 2011. Based on a recent review, pneumococcal vaccine may result in a significant 29% reduction in radiologically-confirmed pneumonia, significant 11% reduction in severe pneumonia and non-significant 18% reduction in pneumonia mortality (20) . Decline in pneumonia-related severity and death due to the 2 vaccines could result in an increase of pneumonia due to Staph. aureus, and other non-vaccine preventable pathogens. However, vaccine interventions alone may not significantly reduce the burden of severe pneumonia morbidity and mortality at both the community and health facility level. Interventions that reduce the prevalence of major risk factors such as malnutrition, non-breastfeeding, use of solid fuels in the house and crowding at the community level (20, 21) need consideration. Other interventions that ensure adequate oxygen supply to hospitals with pulse oximeter to detect hypoxaemia, effective and adequate antibiotic supplies and early/easy access to health facilities are also crucial. All these interventions are important to achieve a dramatic reduction in severe pneumonia morbidity and mortality (20, 21) .
Although introduction of Hib vaccine in Kenya reduced the incidence of Hib disease by 12% from baseline (22) , a recent study reported inpatient pneumonia CFR trends from 9 health facilities remained unchanged before and after Hib vaccine introduction mainly due to variability of CFRs across the study sites (23) . However, our study showed a significant reduction in pneumonia CFRs after Hib vaccine introduction in a single health facility. It is unlikely that these reductions in very severe pneumonia and meningitis-related CFR in our study are due to improvements in the quality of the hospital care, since the rates of diarrhoea-related hospitalization and in-hospital mortality and CFR remained unchanged before and after Hib vaccine introduction.
This study had several limitations. First, the data analysis was retrospective and obtained from a single health facility. However, Al-Sabeen Hospital is the major paediatric health facility and attracts more than 75% of sick children in the catchment areas, and the data collected were large with reasonably accurate information on cause-specific hospitalization and death according to age group and sex. Hospital-based studies in developing countries have shown good agreement with community findings regarding causes of childhood deaths (24), and our study data may be sufficient to reflect the disease burden at the community level.
Second, risk factors for hospitalization and inpatient death such as healthcare seeking behaviour, malnutrition and other socioeconomic risk factors were not included in the study due to lack of information. We assumed that these risk factors for severe gastroenteritis are generally similar to those for very severe pneumonia and meningitis. The lack of association between Hib vaccination and severe gastroenteritis indicates an absence of major bias. Veirum et al. reported good consistency between these settings, with risk factors having the same direction of association when comparing risk factors for mortality at both hospital and community levels (25) .
In countries such as Yemen with inadequate vital registration, accurate inpatient data about childhood death by cause, sex and age group could be an important tool to provide robust population cause-specific mortality fractions (26) . The data of Al-Sabeen Hospital bacterial meningitis sentinel surveillance in 2010 showed that latex agglutination testing was not available to detect possible bacterial pathogens. CSF culture was extremely unlikely to yield bacterial growth, since 88% of the children with suspected meningitis were on antibiotics prior to hospital admission. With only 65% of the collected CSF samples cultured, 48% of CSF samples Gram stained and no available latex agglutination testing, it is clear that, despite EMRO technical and financial support, the hospital laboratory services remain suboptimal. Our findings of 1 case of H. influenzae identified by Gram stain compared with 22 of Strep. pneumoniae among 305 children aged < 5 years suggests a strong impact of the Hib vaccine in the catchment areas. Meningitis hospital data were reported to be similar in a network of hospitals and may represent that in the community (27) . With the extensive use of antibiotics in suspected bacterial meningitis prior to hospitalization, CSF Gram stain has been reported to be a more useful and reliable method to identify CSF pathogens with a high sensitivity and specificity (98.3% and 98.7% respectively) than CSF culture or latex agglutination testing, and should be encouraged in poor-resource settings (28) . Our study showed that unvaccinated children are more likely to have purulent CSF, and more likely to die or develop permanent neurological complications.
We presume that the rates of viral meningitis hospitalization would remain stable in the pre-and postHib periods and in the 2010 bacterial surveillance and therefore could not have affected our findings. Lewis et al. reported that the proportion of patients with purulent CSF dropped from 18% in 2001-2002 to 8% in the 4th post-Hib vaccine year, and that during the same period the number of non-purulent cases remained constant (6) . A recent 7-year period study in United States children's hospitals reported that the viral hospitalization rate declined minimally from 94% in 2005 to 91% in 2011 (29) .
With the introduction in Yemen of pneumococcal vaccine in 2011, our study may provide important baseline data that may help in assessing the impact of the newly introduced vaccine. However, this needs an efficient surveillance system that includes more training on Gram staining and availability of latex agglutination and real-time polymerase chain reaction testing.
Conclusion
This study showed that in comparison with the pre-Hib period, the rates of all-cause meningitis hospitalization and death were significantly reduced in the post-Hib period. However, the rates of very severe pneumonia-related hospitalization and death were only modestly reduced, indicating that pneumonia is still the leading cause of severe morbidity and death for young children, particularly those under 12 months.
We also observed a significant reduction in CFR for all-cause meningitis and very severe pneumonia but not for gastroenteritis. In 2010, active bacterial meningitis surveillance recorded 22 cases with Strep. pneumoniae identified by Gram stain, which were equally distributed among vaccinated and unvaccinated children. Only 1 case with H. influenzae was identified. Compared with the vaccinated children, unvaccinated children with suspected meningitis were 3.5 times more likely to have purulent CSF, and almost 4 times more likely to be treatment failures (death or permanent neurological complications). Funding: None. Competing interests: None declared.
